We study the susceptibilities of quark number, isospin number and electric charge in numerical simulations of lattice QCD at high temperature and density. We discuss the equation of state for 2 flavor QCD at non-zero temperature and density. Derivatives of ln Z with respect to quark chemical potential (µq) are calculated up to sixth order. From this Taylor series, the susceptibilities are estimated as functions of temperature and µq. Moreover, we comment on the hadron resonance gas model, which explains well our simulation results below Tc.
Thermal fluctuations near the critical temperature (T c ) provide important information for the understanding of the properties of the QCD phase transition at high temperature and density. Baryon number fluctuations are expected to diverge at the endpoint of the first order chiral phase transition line. The electric charge fluctuation in heavy-ion collisions is one of the most promising experimental observables to identify the critical endpoint. The fluctuations are estimated by the susceptibilities of quark number (χ q ) and isospin number (χ I ), which are given by χ q = ∂ 2 p/∂µ 2 q and χ I = ∂ 2 p/∂µ 2 I , where
The simulation of QCD at non-zero µ q is known to be difficult. However, studies based on a Taylor expansion with respect to µ q at µ q = 0 turned out to be an efficient technique to investigate the low density regime, interesting for heavy-ion collisions. We discussed in [1] second derivative of pressure. From the study of the fourth derivatives [2] , we observed strong enhancement of χ q near T c , suggesting the presence of the critical point at finite µ q . In this study, we take the calculation of p to O(µ 6 q ), and that of χ q [χ I ] to O(µ 4 q ). This enables us to estimate the shift of the peak position of χ q in the (T, µ q ) plane. Also, by calculating the ratio of the Taylor expansion coefficients, the application range of the hadron resonance gas model [3] is discussed.
Quark gluon gas, hadron resonance gas
We define the expansion coefficients c n and c
We expect the equation of state to approach that of a free quark-gluon gas (StefanBoltzmann (SB) gas) in the high temperature limit. The coefficients in the SB limit for N f = 2, µ I = 0 are well known as c 2 = c p/T 4 from a particle which has mass m i , baryon number B i and third component of isospin number I 3i is given by
where z = exp[(3B i µ q + 2I 3i µ I )/T ], K 2 is the modified Bessel function, and η is 1 for mesons and −1 for baryons. Moreover, since m i /T ≫ 1 for all baryons and K 2 (x) ≈ π/2x exp(−x), the first term of l is dominant in the baryon sector. Therefore, the pressure can be written as p/T 4 = G(T )+F (T ) cosh(3µ q /T ) for µ I = 0, where F (T ) is the baryonic component of p/T 4 at µ q = 0 and G(T ) = G sing (T ) + G trip (T ) is the mesonic part which has isosinglet and isotriplet components [3] . Similarly, we obtain χ q /T 2 = 9F (T ) cosh(3µ q /T ) and χ I /T 2 = G I (T ) + F I (T ) cosh(3µ q /T ). Here, the mesonic component for χ q is zero because mesons (B i = 0) are independent of µ q . Therefore, c 4 /c 2 = 3/4, c 6 /c 4 = 3/10 and c We investigate these coefficients. Simulations are performed on a 16 3 × 4 lattice for 2 flavor QCD. The p4 improved action [4] is employed at ma = 0.1, which gives m P S /m V = 0.7. The number of configurations is 1000-5000 for each T . We use the random noise method [1, 2] . The results for c n+2 /c n and c = 0, in the high temperature limit. These results suggest that the models of free quark-gluon gas and hadron gas seem to explain the behavior of thermodynamical quantities well except in the narrow regime near T c .
Mesonic and baryonic contributions
Moreover, if the data is consistent with the hadron resonance gas model, we can separate χ I into the contributions from isotriplet meson and baryons, since G I + F I = 2c for I 3i = {−1, 0, 1}. We thus find for the contribution of the triplet meson part, G trip = 3G I /8. We then can estimate the contribution of the isosinglet mesons to p/T 4 , G sing , by comparing
